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The rotating ﬂuid ﬂows plays a vital role in industry, namely,
in geophysical, astrophysical and cosmic ﬂuid dynamics. Many
researchers have studied the problem of ﬂow past rotating ﬂuid
with different physical aspects. Deka et al. [1] studied the ﬂow
of viscous incompressible rotating ﬂuid induced by a uniformly
accelerated plate. They observed that in presence of rotation,
the velocity proﬁles for varying times are not similar incontrast to the velocity proﬁles which are similar in absence
of rotation.
Xu et al. [2] presented experimentally the ﬂow of a homoge-
neous, incompressible, rotating ﬂuid past a vertical circular
cylinder oscillating laterally in a uniform free stream. The
numerical simulation of the two-dimensional incompressible
unsteady Navier–Stokes equations for streaming ﬂow past a
rotating circular cylinder was studied by Padrino and Joseph
[3]. Mittal and Kumar [4] initiated the ﬂow past a spinning cir-
cular cylinder placed in a uniform stream. A stabilized ﬁnite
element method is utilized to solve the incompressible Na-
vier-Stokes equations in the primitive variables formulation.
The study of the dynamics of the spin-up time of an incom-
pressible viscous rotating ﬂuid was illustrated by Greenspan
and Howard [5]. Das et al. [6] presented an analytical study
for the ﬂow of a viscous incompressible ﬂuid due to an oscillat-
ing plate in a rotating system. They observed that for large
time the transient solution tends to zero, whereas the steady
state solution does not exist when the rotation parameter is
Nomenclature
a thermal diffusivity
b volumetric coefﬁcient of thermal expansion
c acceleration of the cylinder
g acceleration due to gravity
Gr Grashof number
J0 Bessel function of ﬁrst kind and order zero
J1 Bessel function of ﬁrst kind and order one
Y0 Bessel function of second kind and order zero
Y1 Bessel function of second kind and order one
K0 modiﬁed Bessel function of second kind and order
zero
K1 modiﬁed Bessel function of second kind and order
one
m kinematic viscosity
Pr Prandtl number
r radial coordinate
R dimensionless radial coordinate
T0 ﬂuid temperature
T non-dimensional ﬂuid temperature
t0 time
t dimensionless time
u axial component of velocity
v transverse component of velocity
U dimensionless axial velocity
V dimensionless transverse velocity
x rotation of the cylinder
X dimensionless rotation parameter
506 R.K. Deka et al.equal to the frequency parameter. Hayat et al. [7] presented an
analysis of an electrically conducting viscous ﬂuid over a por-
ous plate in a rotating system. Recently, Deka and Paul [8]
studied the ﬂow past an impulsively started horizontal cylinder
in a rotating ﬂuid. They have demonstrated that the ﬂuid
velocity as well as skin friction approach to steady state at lar-
ger time.
However, the ﬂow past vertical cylinders in a rotating ﬂuid
has never been considered in the literature as far as analytical
treatment is concerned. This may be due to the complicated
mathematical calculation involved in the solution of such
problems. The aim of the present paper is to investigate the
boundary layer ﬂow past an inﬁnite vertical cylinder in a rotat-
ing ﬂuid. It would be of interest to see how the ﬂow past a ver-
tical cylinder in a rotating ﬂuid gets modiﬁed. This is because
of the coriolis force due to the rotation manifests itself in
changing the pattern of ﬂows. We have discussed the subse-
quent ﬂow when the cylinder started impulsively from rest (rel-
ative to the rotating ﬂuid) moves with uniform acceleration in
its own plane. The closed form solutions of the boundary layer
governing partial differential equations are obtained in terms
of Bessel functions and modiﬁed Bessel functions by usual La-
place transform technique. The effects of various signiﬁcant
parameters on the ﬂow and heat transfer characteristics are
presented in graphical form. The mathematical formulation
of the problem is presented in Section 2, followed by the ana-
lytic solution procedure in Section 3. Results and discussion
are presented in Section 4 and conclusions in Section 5.2. Mathematical formulation
Consider the unsteady free convection ﬂow of an incompress-
ible viscous ﬂuid past an inﬁnite vertical cylinder of radius r0,
the x-axis is taken vertically upward along the axis of the cyl-
inder and the radial coordinate r is taken normal to it. Initially
at t0 6 0, it is assumed that the cylinder is at rest and the cyl-
inder and ﬂuid are at the same temperature T01. At t
0 > 0, the
temperature of the cylinder raised to constant temperature T0w
and the cylinder starts with uniform acceleration c in its own
plane relative to the ﬂuid which is rotating in unison with uni-
form angular velocity x about the axis of the cylinder. It is alsoassumed that all the ﬂuid properties are constant except for the
density in the buoyancy term, which is given by the usual
Boussinesq’s approximation. Under these assumptions the
governing boundary layer equations are given by,
@u
@t0
¼ m @
2u
@r2
þ 1
r
@u
@r
 
þ 2xvþ gb T0  T01
 
cosxt0 ð1Þ
@v
@t0
¼ m @
2v
@r2
þ 1
r
@v
@r
 
 2xu gb T0  T01
 
sinxt0 ð2Þ
@T0
@t0
¼ a @
2T0
@r2
þ 1
r
@T0
@r
 
ð3Þ
with initial and boundary conditions,
t0 6 0 : u ¼ 0; v ¼ 0; T0 ¼ T01 for all r
t0 > 0 : u ¼ ct0; v ¼ 0; T0 ¼ T0w at r ¼ r0
u! 0; v! 0; T0 ! T01 as r!1
9>=
>; ð4Þ
Introducing the non-dimensional quantities,
R ¼ r
r0
; t ¼ t0m
r2
0
; U ¼ um
r2
0
c
; V ¼ mm
r2
0
c
; T ¼ T0T01
T0wT01 ;
X ¼ r20xm ; Pr ¼ ma ; Gr ¼
gb T0wT01ð Þ
c
9=
; ð5Þ
the governing Eqs. (1)–(3) reduce to,
@U
@t
¼ @
2U
@R2
þ 1
R
@U
@R
þ 2XVþ GrT cosXt ð6Þ
@V
@t
¼ @
2V
@R2
þ 1
R
@V
@R
 2XU GrT sinXt ð7Þ
@T
@t
¼ 1
Pr
@2T
@R2
þ 1
R
@T
@R
 
ð8Þ
with the corresponding initial and boundary conditions,
t 6 0 : U ¼ 0; V ¼ 0; T ¼ 0 for all R
t > 0 : U ¼ t; V ¼ 0; T ¼ 1 at R ¼ 1
U! 0; V! 0; T! 0 as R!1
9>=
>; ð9Þ
Eqs. (6) and (7) can be combined into a single equation,
@W
@t
¼ @
2W
@R2
þ 1
R
@W
@R
 2iXWþ GrTeiXt ð10Þ
where W(R, t) = U(R, t) + iV(R, t) with
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t > 0 : W ¼ t;T ¼ 1 at R ¼ 1
W! 0; T! 0 as R!1
9>=
>; ð11ÞFigure 1 Contour of integration for the inverse integral.3. Solution procedure
To solve the governing non-dimensional Eqs. (10) and (8) sub-
ject to initial and boundary conditions (11), we apply Laplace
transform technique. Laplace transforms of Eqs. (10) and (8)
subject to initial conditions (11) give,
d2WðR; sÞ
dR2
þ 1
R
dWðR; sÞ
dR
 ðsþ 2iXÞWðR; sÞ ¼ GrTðR; sþ iXÞ
ð12Þ
d2TðR; sÞ
dR2
þ 1
R
dTðR; sÞ
dR
 sPrTðR; sÞ ¼ 0 ð13Þ
where WðR; sÞ and TðR; sÞ are the Laplace transforms of
W(R, t) and T(R, t) respectively, s being the Laplace transform
parameter. Solutions of the Eq. (13) subject to the transformed
initial and boundary conditions for T in (11) we have,
T ¼ K0
ﬃﬃﬃﬃﬃﬃﬃ
sPr
p
R
 
sK0
ﬃﬃﬃﬃﬃﬃﬃ
sPr
p  ð14Þ
Using (14), Eq. (12) reduces to,
d2WðR; sÞ
dR2
þ 1
R
dWðR; sÞ
dR
 ðsþ 2iXÞWðR; sÞ
¼ Gr K0 R
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃðsþ iXÞPrp 
ðsþ iXÞK0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃðsþ iXÞPrp  ð15Þ
To solve (15), we have applied variation of parameter tech-
nique and subject to the transformed initial and boundary con-
ditions for W from (11), we get,
W ¼ K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
sþ 2iXp R 
s2K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
sþ 2iXp þ Grðsþ iXÞ½ðsþ iXÞPr ðsþ 2iXÞ
 K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
sþ 2iXp R 
K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
sþ 2iXp 
 Grðsþ iXÞ½ðsþ iXÞPr ðsþ 2iXÞ
 K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃðsþ iXÞPrp R 
K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃðsþ iXÞPrp  ð16Þ
We use the complex inversion theorem (cf. Carslaw and Jaeger
[9]) to obtain the inverse Laplace transform of (14) and (16).
Then the inverse Laplace transform of (16) is,
W ¼ Gr e2iXt 1
2pi
Z cþi1
ci1
est
K0
ﬃﬃ
s
p
Rð Þ
K0
ﬃﬃ
s
pð Þ
 1ðs iXÞfðs iXÞPr sg ds Gr e
iXt 1
2ip

Z cþi1
ci1
est
K0
ﬃﬃﬃﬃﬃﬃﬃ
sPr
p
R
 
K0
ﬃﬃﬃﬃﬃﬃﬃ
sPr
p  1
sfsPr ðsþ iXÞg ds
þ e2iX 1
2ip
Z cþi1
ci1
est
K0
ﬃﬃ
s
p
Rð Þ
K0
ﬃﬃ
s
pð Þ
1
ðs 2iXÞ2 ds ð17Þ
which is rewritten as,W ¼ Gr e2iXt 1
2ip
I1  Gr eiXt 1
2ip
I2 þ e2iX 1
2ip
I3 ð18Þ
where
I1 ¼
Z cþi1
ci1
est
K0
ﬃﬃ
s
p
Rð Þ
K0
ﬃﬃ
s
pð Þ
1
ðs iXÞfðs iXÞPr sg ds ð19Þ
I2 ¼
Z cþi1
ci1
est
K0
ﬃﬃﬃﬃﬃﬃﬃ
sPr
p
R
 
K0
ﬃﬃﬃﬃﬃﬃﬃ
sPr
p  1
sfsPr ðsþ iXÞg ds ð20Þ
I3 ¼
Z cþi1
ci1
est
K0
ﬃﬃ
s
p
Rð Þ
K0
ﬃﬃ
s
pð Þ
1
ðs 2iXÞ2 ds ð21Þ
The integrand in I1 has a branch point at s = 0 and simple
poles at s= iX and s ¼ iXPr
Pr1. Now K0
ﬃﬃ
s
pð Þ do not have zero
at any point in the real and imaginary plane, if the branch
cut is made along the negative real axis. To obtain W(t,R)
from Wðs;RÞ, we use the Bromwich contour shown in
Fig. 1. Therefore the line integral I1 may be replaced by the
limit of the sum of the integrals over EF, DE, CD, BC and
AB as S1ﬁ1 and S0ﬁ 0. Since the integral approaches zero
along the paths EF, CD and AB as S1ﬁ1 and S0ﬁ 0;
accordingly the integral along paths BC and DE has to be
evaluated.
Along the paths BC and DE we choose s= V2eip and
s= V2eip respectively. Then on the paths BC and DE, the
integral I1 assumes the values,
IBC ¼ 2
Z 1
0
eV
2t J0ðRVÞ  iY0ðRVÞ
J0ðVÞ  iY0ðVÞ
 VdVðV2 þ iXÞðV2  V2Pr iXPrÞ ð22Þ
On the path DE,
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Z 1
0
eV
2t J0ðRVÞ þ iY0ðRVÞ
J0ðVÞ þ iY0ðVÞ
 VdVðV2 þ iXÞðV2  V2Pr iXPrÞ ð23Þ
Now, the residue of the integral I1 at the simple poles s= iX
and s= iXPr/(Pr  1) are,  eiXt
iX
K0 R
ﬃﬃﬃ
iX
pð Þ
K0
ﬃﬃﬃ
iX
pð Þ and
ðPr1ÞeiPrXt=ðPr1Þ
iX
K0 R
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
iPrX=ðPr1Þ
p 
K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
iPrX=ðPr1Þ
p  respectively.
Thus from the theory of residues we have,I1 ¼ IBC þ IDE þ 2piðsum of residues of I1Þ
¼ 4i
Z 1
0
eV
2tC1ðR;VÞ VdVðV2 þ iXÞðV2  V2Pr iXPrÞ
þ 2ip  e
iXt
iX
K0 R
ﬃﬃﬃﬃﬃ
iX
p 
K0
ﬃﬃﬃﬃﬃ
iX
p 
(
þðPr 1Þe
iPrXt=ðPr1Þ
iX
K0 R
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
iPrX=ðPr 1Þp 
K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
iPrX=ðPr 1Þp 
)
ð24Þ
Similarly I2 and I3 are obtained as,
I2 ¼ 4iPr
Z 1
0
eV
2t=PrC1ðR;VÞ dV
VðV2  V2Pr iXPrÞ
þ 2ip  1
iX
þ ðPr 1Þe
iXt=ðPr1Þ
iX
K0 R
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
iXPr=ðPr 1Þp 
K0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
iXPr=ðPr 1Þp 
( )
ð25Þ
andI3 ¼ 4i
Z 1
0
eV
2tC1ðR;VÞ VdVðV2 þ 2iXÞ2
þ e
2iX
2ip
2
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
tK0
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
R
 
K0
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p  RK1ð ﬃﬃﬃﬃﬃﬃﬃ2iXp RÞK0 ﬃﬃﬃﬃﬃﬃﬃ2iXp þ K0 ﬃﬃﬃﬃﬃﬃﬃ2iXp R K1 ﬃﬃﬃﬃﬃﬃﬃ2iXp 
2
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
K20
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p 
ð26Þ
Using (24)–(26), we have the solution for W as,
W ¼ Gre
iXt
iX
1 K0
ﬃﬃﬃﬃﬃ
iX
p
R
 
K0
ﬃﬃﬃﬃﬃ
iX
p 
( )
þ 2
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
tK0
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
R
 
K0
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p  RK1 ﬃﬃﬃﬃﬃﬃﬃ2iXp R K0 ﬃﬃﬃﬃﬃﬃﬃ2iXp þ K0 ﬃﬃﬃﬃﬃﬃﬃ2iXp R K1 ﬃﬃﬃﬃﬃﬃﬃ2iXp 
2
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
K20
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p 
þ 2Gre
2iXt
p
Z 1
0
eV
2t C1ðR;VÞV
ðV2 þ iXÞðV2  V2Pr iXPrÞ dV
2GrPreiXt
p
Z 1
0
e
V2
Pr t
C1ðR;VÞ
VðV2  V2Pr iXPrÞ dV
2e2iXt
p

Z 1
0
eV
2t C1ðR;VÞV
ðV2 þ 2iXÞ2
dV ð27ÞIn a similar manner, the inverse Laplace transform of T is ob-
tained as,T ¼ 1þ 2
p
Z 1
0
e
V2
Pr tC1ðR;VÞ dV
V
ð28Þ
The non-dimensional skin friction, s ¼ sx þ isy ¼ @W@R

R¼1
is obtained from Eq. (27) as,s¼Gre
iXtﬃﬃﬃﬃﬃ
iX
p K1
ﬃﬃﬃﬃﬃ
iX
p 
K0
ﬃﬃﬃﬃﬃ
iX
p 
þ4iXtK1
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p 
K0
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p þ ﬃﬃﬃﬃﬃﬃﬃ2iXp K21 ﬃﬃﬃﬃﬃﬃﬃ2iXp K20 ﬃﬃﬃﬃﬃﬃﬃ2iXp  	
2
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p
K20
ﬃﬃﬃﬃﬃﬃﬃ
2iX
p 
þ2Gre
2iXt
p
Z 1
0
eV
2t C2ðVÞV2
ðV2þ iXÞðV2V2Pr iXPrÞ dV
2GrPre
iXt
p
Z 1
0
eV
2t=Pr C2ðVÞ
ðV2V2Pr iXPrÞ dV
2e
2iXt
p
Z 1
0
eV
2t C2ðVÞV2
ðV2þ2iXÞ2
dV
ð29Þ
Also, the non-dimensional Nusselt number, Nu ¼ @T
@R

R¼1
is obtained from Eq. (28) as,
Nu ¼ 2
p
Z 1
0
eV
2t=PrC2ðVÞdV ð30Þ
where
C1ðR;VÞ ¼ J0ðRVÞY0ðVÞ  Y0ðRVÞJ0ðVÞ
J20ðVÞ þ Y20ðVÞ
and
C2ðVÞ ¼ J1ðVÞY0ðVÞ  Y1ðVÞJ0ðVÞ
J20ðVÞ þ Y20ðVÞ4. Results and discussion
In order to get an physical insight into the problem, quantities
such as velocity (axial and transverse), temperature, skin fric-
tion (axial and transverse), Nusselt number have been com-puted by assigning values of the various physical parameters
and the results are graphically shown in Figs. 2–16.
Figs. 2 and 3 show the effects of rotation parameter X and
Prandtl number on axial and transverse velocity proﬁles at
Gr= 5 and t= 0.4 against the radial distance from the sur-
face of the cylinder. It is observed from the ﬁgures that the ax-
ial velocity decreases with increase in rotation parameter,
whereas transverse velocity increases and both the axial as well
1 2 3 4
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Gr=5, t=0.4
Ω=0.8, Pr=7
Ω=0.8, Pr=.71
Ω=1.2, Pr=1
Ω=1.2, Pr=.71- V
R
Figure 3 Effects of X and Pr on transverse velocity proﬁles when
Gr= 5 and t= 0.4.
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 Gr=3
 Gr=5
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 Pr=0.71,t=0.4,Ω=1.4
U
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Figure 4 Axial velocity proﬁles for different Gr at Pr= 0.71,
X= 1.4 and t= 0.4.
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- V
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Figure 5 Transverse velocity proﬁles for different Gr at
Pr= 0.71, X= 1.4 and t= 0.4
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Ω=1.4
-V
t
Figure 7 Transverse velocity proﬁles with respect to time when
R= 1.4, Pr= .71, Gr= 5.
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Figure 6 Axial velocity proﬁles with respect to time when
R= 1.4, Pr= .71, Gr= 5.
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Figure 2 Effects of X and Pr on axial velocity proﬁles when
Gr= 5 and t= 0.4.
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Figure 9 Effects of X on transverse skin friction at Gr= 5 and
Pr= .71.
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Figure 10 Effects of Gr on axial skin friction at X = 0.4 and
Pr= .71.
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Figure 11 Effects of Gr on transverse skin friction at X = 0.4
and Pr= .71
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Figure 13 Effects of Pr on transverse Skin friction at X = 0.6
and Gr= 5.
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Figure 12 Effects of Pr on axial skin friction at X = 0.6 and
Gr= 5.
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Figure 8 Effects of X on axial skin friction atGr= 5 and
Pr= .71.
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Figure 15 Temperature proﬁle for different Prandtl number at
R= 1.4.
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Figure 16 Effects of Nusselt number with respect to time for
various Prandtl number.
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Figure 14 Effects of Pr on temperature proﬁle at t= 1.2.
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number. As the Prandtl number increases the viscous forces
tend to suppress the buoyancy force leads to a decrease in ﬂuid
velocity in the hydrodynamic boundary layer. The negative
sign in V in the ﬁgures indicate that this component is trans-
verse to the main ﬂow in the clockwise direction.
The effects of Grashof number on axial and transverse
velocity proﬁles at Pr= 0.71, X= 1.4 and t= 0.4 are de-
picted in Figs. 4 and 5 respectively. It is clear from the ﬁgures
that the axial velocity as well as the transverse velocity in-
creases with increasing Grashof number.
Figs. 6 and 7 depict the axial and transverse velocity proﬁles
against time at R= 1.4, Gr= 5 and Pr= 0.71. It is observed
from the ﬁgures that the velocity proﬁles show oscillatory
behavior with increasing time. Also, the oscillation of axial
velocity and transverse velocity decreases with increasing rota-
tion parameter. Deka et al. [1] pointed out that for the ﬂow
past an accelerated plate in a rotating ﬂuid, the axial and trans-
verse velocities shows inertial oscillations at smaller times only,
while in our present study, at all times oscillatory behavior is
seen for axial component, and this behavior is more as time
progresses. It is to be noted that the transverse component is
more oscillatory as compared to axial one. Further, it is ob-
served that for both components, the oscillatory behavior is
dying as the values of rotation parameter increases, which is
in agreement with the study made by Deka et al. [1].
Figs. 8 and 9 represent the effect of rotation parameter on
axial and transverse skin friction against time at Gr= 5 and
Pr= 0.71. It is observed from the ﬁgures that with increasing
time both the axial and transverse skin friction increase and
the behavior is oscillatory. Also, magnitude of oscillation of
the axial and transverse skin friction decrease with increasing
values of rotation parameter.
Figs. 10 and 11 as well as Figs. 12 and 13 depict the effect of
Grashof number and Prandtl number on skin friction against
time. It is observed from the ﬁgures that oscillation of both
the axial and transverse skin friction increases with increasing
Grashof Number or decreasing Prandtl number. It is impor-
tant to see that at higher Grashof number and smaller time,
the axial skin friction is negative and then changes to positive
value as time progresses. However, the trend is reversed for
transverse component. This indicates that at smaller time,
due to more heating of the cylinder, the axial ﬂow gets reversed
and the ﬂow is in the transverse direction.
The effect of Prandtl number plays an important role on
temperature ﬁeld. The Prandtl number Pr physically relates
the relative thickness of the viscous boundary layer and ther-
mal boundary layer. Figure14 shows the effect of Pr on tem-
perature ﬁeld. It is seen that the magnitude of temperature is
maximum at the surface of the cylinder and approaches to zero
asymptotically. It is also seen that the temperature decreases as
Pr increases. Fig. 15 depicts the temperature ﬁeld for various
values of Pr with respect to time. Though, initially temperature
increases sharply but for larger time it becomes steady. Rate of
heat transfer i.e. Nusselt number Nu is presented in Fig. 16.
Initially the rate of heat transfer decreases, but after certain
time it approaches to a ﬁxed value. It is also observed that
Nusselt number increases with increasing values of Pr.
It will be of great practical relevance, if we can determine
the time of attaining steady state of the temperature and sta-
tionary value of the Nusselt number. It will be of great practi-
cal relevance, if we can determine the time of attaining steady
512 R.K. Deka et al.state of the temperature and stationary value of the Nusselt
number. It is worthwhile to mention here that Shevchuk [10]
and Indinger and Shevchuk [11] studied the issue of transient
heat transfer for rotating disk and attaining a stationary value
by the Nusselt number was studied in depth using both an ana-
lytical approach and numerical CFD simulations.
By applying stationary condition (oT/ot= 0, o Nu/ot= 0),
we have calculated the time looking for. In case of temperature
for air (Pr= 0.71), the stationary condition is reached nearly
at non-dimensional time t= 17, when R= 1.4, while for
water (Pr= 7.0) it is at t= 33. Likewise, the stationary value
of Nusselt number is reached at t= 37 (for air) and t= 55
(for water). Now, we ﬁnd the non-dimensional time for the
said situations in terms of an alternative non-dimensional time,
Fourier number (F). We know that the Fourier number is a
measure of heat conducted through a body relative to heat
stored. A large value of the Fourier number indicates faster
propagation of heat through a body. Since, from the non-
dimensional time t, deﬁned in Section 2, we have t= F. Pr,
with F ¼ t0a=r20. Thus for temperature, steady state is reached
at Fourier number, F= 23.943 (for air) and F= 4.714 at a
non-dimensional radial distance R= 1.4. The stationary Nus-
selt number is reached for F= 52.112 (for air) and F= 7.857
(for water). We can ﬁnd now the dimensional time these from
the Fourier number for a speciﬁc cylinder. For a short brass
cylinder of radius 0.04 m, a= 3.39 · 105 m2/s, temperature
reaches steady state after 1130 s (for air) and 222 s (for water)
at a distance of 0.056 m. Similarly, Nusselt number attains sta-
tionary value after 2459 s (for air) and 370 s (for water).
5. Conclusions
In this paper an analytical observation is made for study on
the effect of convective ﬂow past an accelerated inﬁnite vertical
cylinder in rotating ﬂuid. Solutions of the governing boundary
layer equations of the ﬂow model have been obtained by using
Laplace transform technique. The conclusions of our study are
as follows:
i. Rotation of the ﬂuid causes oscillation to the ﬂow.
ii. Axial velocity component decreases with increase in X or
Pr but increases with increase in Gr.
iii. Transverse velocity component increases with increase
in Gr but decreases with increase in X and Pr.
iv. Axial skin friction increases with Pr but decreases with
increase in Gr or X.
v. Transverse skin friction increases with the increase in Gr
but decreases with increase in Pr and X.
vi. Temperature decreases with increase in Prandtl number
but increases with time. Initially, it increases sharply
with time but for large time it becomes steady.
vii. Nusselt number increases with Pr, but decreases for
smaller time and attains a ﬁxed value for larger time.Acknowledgements
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